INTRODUCTION
Conducting polymers are novel organic semicon ducting materials with great promise because of their wide range of potential technological applications, some of which are in storage batteries, electrochromic devices, organic light emitting diodes, non linear optics, corrosion inhibitor and in a variety of sensors including chemical and biosensorsv [1-3[. The nanofibers and nanotubes produced during the prepa ration of conducting polymers received ever increasing attention during last years. Among them, Polyaniline (PANI) is the most studied [4] . Mechanisms of the formation of PANI nanofibers and nanotubes have recently been reviewed [5] [6] [7] . Other recent reviews were devoted to hollow PANI nanostructures [8] and to PANI preparation and processing in general [9] . Polyaniline is typically prepared by the chemical oxi dation of aniline or its salts, such as aniline hydrochlo ride or aniline sulfate, in acidic aqueous medium [10] [11] , ammonium peroxydisulfate (APS) being the most common oxidant (Scheme 1). Abstract-In this study, nanostructure polyaniline was prepared from aniline monomer via chemical oxida tive polymerization in the presence of ammonium persulfate as an oxidizing agent. Interfacial, emulsion, rapid mixing and ultrasonic techniques are used for polymer synthesis. In the interfacial method, chloroform, n hexane, hexanole and toluene were used as organic solvents and sulfuric acid, methane sulfonic acid and acetic acid were employed as electrolyte solutions. In the emulsion polymerization, dodecyl benzene sulfonic acid and aqueous solution of hydrochloric acid were used as emulsion agent and electrolyte solution respec tively. In rapid mixing reaction and ultrasonic method, hydrochloric acid and salicylic acid were used as dopants. The structure, conductivity, morphology and particle size distribution of prepared polymers were investigated after purification and drying by FTIR spectroscopy, scanning electron microscopy and electrical conductivity measurements. DOI: 10.1134/S1560090413130046 The fast polymerization of anilinium cations takes place only at pH < 2.5. A typical blue color of proto nated pernigraniline intermediate (Scheme 1) is observed during this phase. Rapid heat evolution is accompanied by the massive generation of protons, reflecting the fast coupling of aniline molecules to form PANI chains. When discussing PANI in general, the individual forms-leucoemeraldine, emeraldine, and pernigraniline-should be recognized (Scheme 2).
From these, the conducting protonated emeraldine is obtained as a product of polymerization. Its conver sion to a nonconducting emeraldine base after treat ment with alkali is one of the most famous reactions of PANI. The reduction of emeraldine to leucoemeral dine and the oxidation to pernigraniline are connected with a reduction in the conductivity. All these transi tions manifest themselves by a change of color (Scheme 2) [12-13].
Scheme 2.
The genesis of the individual PANI nanostructures consists of three consecutive steps: (1) the generation of the nucleates, (2) their organization or self assem bly, and (3) the growth of PANI chains from the nucle ates. The model of phenazine nucleates assumes that aniline oligomers, the nucleates, may organize in two manners: (1) by self assembly or (2) by the organiza tion afforded by adsorption at various surfaces and interfaces. Both mechanisms may be operational simultaneously. The respective PANI nanostructures are then obtained by the growth of PANI chains from self assembled or otherwise organized nucleates [14] [15] [16] . Depending on the type of the nucleates organiza tion, the subsequent PANI growth can produce vari ous morphologies: (1) granules, (2) nanofibers and, in combination with a template, (3) nanotubes. Other structures require the presence of a template interface, and they include (4) thin films and coatings, (5) col loidal nanoparticles, and (6) more complex structures, such as nanobrushes or hairy spheres.
They all have very close dimensions that vary depending on experimental conditions, typically in the range of 50-250 nm, and seem to be proportional to the molecular weight of PANI chains [17] . These facts illustrate the structural similarities of all nano structures generated by PANI.
A fused granular structure is the most typical mor phology of PANI produced by the precipitation poly merization in strongly acidic media, at pH < 2.5. The granular morphology of PANI powders is most com mon in PANI prepared by precipitation polymeriza tion when using strong oxidants and high aniline con centrations under strongly acidic conditions, at pH < 2. The granular morphology corresponds well to the con cept of conducting islands frequently used in the phys ics of conducting polymers [18] . This model assumes the presence of highly conducting areas composed of ordered chains embedded in the less conducting disor dered phase [19] .
Nanofibers are one dimensional objects with a typical diameter of tens of nanometres. They have a high aspect ratio, and are branched as a rule. There are four basic methods for the preparation of nanofibers by chemical oxidation of aniline [20, 21] : (1) a dilution technique, (2) a rapidly mixed reaction, (3) an inter facial polymerization, and (4) a seeding. Nanofibers rank among most frequently observed conducting polymer nanostructures. The nanofibers radius decreases with increasing temperature [22] in the same manner as does molecular weight of PANI chains [23] . The principle of oligomer stacking is independently supported by the self assembly of the oxidation prod ucts of o phenylenediamine, a 2,3-diamino phena zine, resulting also in o phenylen nanofibers or nano belts [24, 25] .
Nanotubes are one dimensional objects, differing from nanofibers by the presence of an internal cavity, tens to hundreds nanometers in diameter. Polyaniline 
